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(54) IMethods lor forming self-pianarlzed cfielectric layer for shallow trench integration 



(57) A method for depositing a trench oxkle filling 
layer (300) on a trenched substrate (224) utilizes the 
surface sensitivity of dielectric materials such as 
O/TEOS. Such materials have different deposition 
rates on differenBy constituted surfaces at different lev- 
els on the trenched substrate (224) so that the surface 
profile of the deposited layer (300) is substantially self- 
planartzed. Depositing the dielectric material on a sili- 
con trench (228) produces a high quality filling layer, 
and cleaning the trench (228) prior to deposition can 
increase the quality. After deposition, an oxidizing 
anneal can be performed to grow a thermal oxide (308) 
at the trench surfaces and density the dielectric mate- 
rial. A chemical mechanical polish can t>e used to 
renxTve the excess oxide material atxve an etch stop 
layer (226) of the substrate (224) which can be formed 
of LPCVD nitride or CVD anti-reflective coating. 
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Description 

[0001] The present inventi n relates to the fabrication 
of integrated drcuits. More particularly, the present 
invention Is directed toward a method for providing sdf- 
planarized deposition of high quality dielectric layers for 
shallow trench Eolation. 

[0002] Semiconductor device geometries continue to 
deaease In size, providing more devices per unit area 
on a fabricated wafer. These devices are typically ini- 
tially feolated from each olh^- as fhe^ are built into the 
wafer, and they are subsequently interconnected to cre- 
ate the specific circuit conf iguratiorm desired. Currently, 
some devices are fabricated with feature cfimensions as 
small as 0.18 psr\. For example, spacing betwewi 
devices such as conductive lines or traces on a pat- 
terned wafer may be separated 0.18 |im leaving 
recesses or gaps of a comparable size. A rxxiconduc- 
tive layer of dielectric material, such as silicon dioxide 
(Si02)p is typically deposited over the features to f HI the 
aforementioned gaps and insulate the features from 
other features of the integrated circuit in acQacent layers 
or from aJjacent features in the same layer. 
[0003] Dielectric layers are used in various applica- 
ti ns including shallow trench isolation (STI) dielectric 
for isolating devices and intert^er dielectric (ILD) 
formed between metal wiring layers or prior to a metalli- 
zation process. In some cases, STI is used for isolating 
devices having feature dimensions as small as under 
about 0.5 nm. Planarization of dielectric layers has 
t>ecome increasingly important as the packing densities 
of semiconductor devices continue to grow. 
[0004] The planarization issue ts described using an 
example of a typical process for forming a shallow 
trench feolation (commonly referred as STI integration) 
as illustrated in Figs. 1a-1g. In Rg. la, a silicon sub- 
strate 110 has deposited thereon a pad oxide layer 112 
and a rutride layer 1 14 such as silicon nitride. The nitride 
layer 1 14 is typically deposited by low pressure chemi- 
cal vapor deposition (LPCVD). and serves as an etch 
stop for chemical mechanical polishing (CMP). Refer- 
ring to Rg. lb, a bottom anti-reflective coating (BARC) 
1 16 is formed above the nitride layer 1 14 for absorbing 
light reflected from the substrate 1 1 0 during photolithog- 
raphy. Typically an organic spin-on glass (SOG). the 
BARC 116 » needed typically for light having wave- 
lengths of b^ow about 248 nm. including deep ultravio- 
let (DUV) and far ultraviolet (FUV) nght. A photoresist 
1 18 is formed over the BARC 116 and exposed using a 
mask (not shown) which defines the location of the 
trenches. The exposed photoresist is then stripped to 
leave open areas for forming the trenches. Typically, a 
plasma etch is performed to etch the open areas 
through the nitride 1 14, pad oxide 1 12. and silicon sub- 
strate 110 to fomi the trenches 120. as shown inRg. 1c. 
After the remaining photoresist 118 and BARC 116 are 
removed, a thermal oocide 122 is typically grown on th 
nitride/|f>ad oxid and on the surf»)es of the trerx^hes 



120 (trench bottom 124 and trench wall 126) to repair 
the plasma damage to the silkx>n sut)strate 1 1 0. as illus- 
trated in Rg. Id. 

[0005] A dielectric layer 128 is then deposited over the 

5 thOTTial oxide 1 22 to fill the trenches 1 20 and cover the 
nitride layer 114. This dielectric layer 128 often 
referred to as a trench oxide fflling layer. Typteal cfielec- 
tric layers are formed from oxide materials such as sili- 
con (fiOMde or silicate glass. As shown in F\q. 1e. the 

TO surface profOe of the deposited dielectric layer 128 is 
stepped and gently resennbles the shape of the 
trenched substrate 110. The surface profile is more uni- 
fonm in dense fields with dosely space narrow trenches 
than in open fiekis with wkie trenches. As seen in Rg. 

75 1e, a step height 130 ^ formed in the dielectric profile 
between the dense fieki 134 and the open fiekJ 132. 
Because of the step height 130. it is not practicable to 
apply CMP cfirectty after the dielectrk: layer depositfon 
step to planarize the dielectric layer 1 28 because oth^- 

20 wise a dishing ^fect in the open fieki 1 32 vtnll result with 
CMP, as sem in Rg. 1h. Instead, a reverse mask and 
etch procedure is used to etch the extra oxide to obtain 
a rmre planar surface profile as illustrated in Fig. If. 
This procedure typrcally involves the steps of photore- 

25 sist deposit reverse masking, cure, etched photoresist 
removal, etchback, and rerTV>val of remaining phocore- 
sisl. A CMP procedure is then applied to the structure of 
Rg. If to globally planarize the surface of the filled sub- 
strate 110 as shown in Rg. 1g. The reverse mask and 

30 etch procedure necessitated t>y the step height effect 
adds significant cost and oorrplexity (for exanrple, due 
to the added lithography steps involved) to the planari- 
zation procedure. 

[0006] From the discussbn above, it is seen that mul- 

35 tiple steps, including additional photolithography steps 
(which require expensive equipment), are needed to 
provide STI. However, it is desirable to reduce the 
rujmber of steps (and related equipment, especially 
photolithography equipment which requires expensive 

40 lenses, light sources, etc.) and to obtain improved 
results in ord^ to provide a more economic and efficient 
manufacturing process. For example, one way to obtain 
improved results is to provkJe a self-planarized. high 
quality trench oxkle filling layer at a reduced cost. 

45 [0007] A number of procedures are known for depos- 
iting dielectric layers such as the gap-fill dielectric 128 
for the tr&Kh oxide filling layer in the example shown in 
Rg. 1e. One type of process employs Q3 (ozone) and 
TEOS (tetraelhytorthosilicate) for depositing a dielectric 

50 fDm such as silicate glass. Such films deposited are 
commorty referred to as "Ogn^OS films". O3/TEOS 
processes have a surface sensitivity whk:h increases as 
the Q3ATEOS ratio increases. Due to the surface sensi- 
tivity, the dielectric depositfon rate varies in accordance 

55 with the properties of the material of the underiying 
layer. 

[0008] It is known to minimize th surface sensitivity 
by depositing a surface insensitiv tiarrier layer prior to 
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the O/TEOS film deposition. For instance, one known 
process invc^ves a plasna-enhanced TEOS (PETEOS) 
deposition, followed by a surface treatnnent and then a 
thin cap TEOS layer. This process undesiraiDly rec^ires 
additfonaJ process steps. Another known method fe to 5 
lower the surface sensitivity by decreasing the 
O3/TEOS ratia However, lowering the CVTEOS ratio 
tencte to undesirai)ly result in a more porous dielectric 
film. This is particularly problematic when tiie dielectric 
film is used for isolation purposes. One way to address 10 
ftvs concern has been to raise the process temperature 
to above about 500^0, but raising the process temp^- 
ture is often undesirabia Attematively, an additional 
anneal process after the deposition of the trench oxide 
filling layer and sandwiching PETEOS layers has been 75 
used to density the trench oxide fflling feyer. This 
method, however, suffers from tiie need to perform an 
extra step. 

[0009] Instead of minimizing the surface sensitivity, 
sonte have utilized the deposition rate depenctence of 20 
OgH^OS fflms to perform gap fBl for a trenched silicon 
substrate wherein the side walls of the trench are cov- 
ered with thermal oxide spacers. Using an atmospheric 
pressure CVD (APCVD) CVTEOS deposition and an 
ozone concentration of 5%, it was reported that faster 25 
film growth on the bottom silken than on the skie wall 
spacers precluded vokf formation to achieve void-free 
gap fill. Ottiers have investigated the feasibility of form- 
ing a ptanarized intermetal dielectric (IMD) by taking 
advantage of the surface sensitivity of OsTTEOS and so 
similar materials such as Os-octamethylcyclotetrasi- 
loxane (OMTC). Researchers have reported diffknjities 
of controlling the different deposition rates to achieve 
plarrarity. For instance, signif cant elevations have t>een 
observed at the edges of aluminum metal lines caused 35 
by the different deposition rates of tiie O^TTEOS on a 
TIN ARC layer on top of the aluminum and the alumi- 
num skJe walls. Some of these same researchers have 
reported more satisfactory planarization results for 
depositing SiC^ layers on an aluminum interconnect 40 
buiH upon a phosphorus glass (PSG) level using O3- 
OMTC. 

[0010] In light of the above, attempts to obtain 
planarity by depositing surface sensitive dielectric lay- 
ers have not always k>een successful. In addition, the 45 
inventors have dscovered tiiat these metixxis may pro- 
duce dielectric layers that do not have the desired qual- 
ity. 

[0011] What is needed are more effcient and eco- 
nomic methods for self-planarized deposition of a high so 
quality trench oxkie f Qling layer for shallow trench isola- 
tion integration. Improved metiiods of effectively utilizing 
the deposition rate dependence of dielectric materials 
such as O^^OS films are also desired. 
[001 2] Specif k; embodiments of the present Invention 55 
provkJe more efficient methods for provkiing shallow 
trench isolation integration by forming self-planarized, 
high quality trench f ai layers using surface sensitive die- 
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lectric materials. The invention does so by provkfing a 
metfrod of depositing ttie cfielectric material on a silicon 
trench and ttien growing a tttermal oxkle at the trench 
surfaces by an oxkiizing anneal after deposition of the 
trench fill layer. In this way, defects that are formed using 
previous methods can be virtually eliminated. An 
optional trench cleaning step can t>e used prior to dep- 
osition to further improve the quality of the trench f Ql lay- 
ers and the electrical characteristics of the devk;a 
[001 3] One embodiment of the invention is directed to 
a method for forming a dielectric layer on a silkxKi sub- 
strate which includes a silkxxi trench formed b^ween 
upper portions and having a trench bottom and a trench 
wan. The substrate is (fisposed in a sut>strate process- 
ing chamber. The method uses a precursor whk:h pro- 
vides deposition rate dependence of the dielectrk: layer 
on drfferentiy constituted surfaces at different levels on 
tiie sii>strate. The differentiy constituted surfaces at dif- 
ferent levels include the trench bottom and a material on 
the upper portions. The m^hod includes the steps of 
introducing tiie precursor, preferably TEOS, into the 
substrate processing chamber and fk>wing ozone into 
tiie sut>strate processing chamt)er to react witii the pre- 
cursor to deposit a dielectric l^er over the substrate. An 
ozoneTprecursor ratio between the ozone and the pre- 
cursor is adji^ed to regulate depositton rates of the cSe- 
lectrc layer on the differentiy constituted surfaces until 
the dielectrk; layer develops a sut)stantially planar de- 
lectric surface. 

[0014] In accordance witii another embocOment. a 
substrate processing system corrprises a housing 
d^ining a process chamber. A sufc>strate hokier is 
located wrtiiin the process chamber for hokiing a silkx>n 
sut)strate whk:h Includes a silicon trench formed 
between upper portions and having a trench bottom and 
a trench wall. The system further includes a gas deliv- 
ery system for introdudng process gases into the p>roc- 
ess chamber and a controller for controlling the gas 
delivery systm. A memory is coupled to the controller 
comprising a corrputer-readable medium having a com- 
puter-readable program emtxxJied tiierein for directing 
operation of the controller. The computer-readat)le pro- 
gram includes a set of instructions to control the gas 
delivery system to introduce a process gas including 
ozone and a precursor into tiie process chamber to form 
a dielectric layer on the silken substrate. The precursor 
provkles deposition rate dependence of tiie cfielectric 
layer on differentiy constituted surfaces at different lev- 
els comprising the trench bottom and a material on the 
upper portions of the silicon substrate, and to adjust an 
ozone/j3recursor ratio between the ozone and the pre- 
cursa until the dielectric layer develops a substantially 
planar dielectric surface. 

[0015] Another embodiment is directed to a method 
for processing a substrate including a trench having a 
tr nch surface and a trench fill material disposed ther- 
eon. The sii)strate is disposed in a sut>s tra te process- 
ing chamber. The mettwd includes tiie steps of 
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providfng an oxygen-contatning gas in the substrate 
processing chainber and heating the sut>^ate to sdb- 
stantiaily simultaneously density the trench fill material 
and to form a thermal oxide at the trench surface 
[001 6] Accorcfing to another embodiment a substrate s 
processing system comprises a housing defining a 
process chamber. A substrate holder is located within 
the process chamber for holding a sut»strate including a 
trench having a trench surface and a trench fill material 
disposed thereia The system includes a gas delivery io 
system tor introducing process gases into the process 
chamber, a heater for heating the sut)strate. and a con- 
troller for controlling the gas delivery system and the 
heater. A memory is coupled to the controller compris- 
ing a conr^er-f eadable medium having a computer- is 
readable program embodied therein for directing opera- 
tion of the controller. The corTputerHreadat)le program 
includes a set of instructions to control the gas delivery 
system to introduce an oxygen-containing gas into the 
process chamber and to control the heater to heat the 20 
substrate to substantially simultaneously density the 
di^ectric layer and form a thermal oxide at the trerK^h 
surface. 

[0017] According to yet another embodiment, a 
method for forming a trench isolation structure on a sut)- 25 
strate includes the step of applying a CVD anti-reflective 
coating (CVD ARC) on and contacting the substrate. A 
photores^ is formed on the CVD anti-reflective coating. 
A portion of the photoresist is exposed to a light to 
define a location where a trench is to the formed. The 30 
photoresist is removed at the location. The method fur- 
ther includes the step of etching, at the location, through 
the CVD anti-r^ective coating and through a depth of 
the substrate to form the trench at the location. 
[001 8] For a further understanding of the objects and as 
advantages of the present invention, reference should 
be made to the ensuing detailed description taken in 
conjunction with the acoorrpanying drawings. 

Rgs, la-lh are vertical cross-sectional views of a 40 
sut>strate. demonstrating trench formation and 
trench fill by a dielectric material employing prior art 
deposition mettKXis; 

Rg& 2a and 2b are flow diagrams of alternate 
emtxxlinnents of the method of forming a trench in 45 
accordance with the present invention: 
Rgs. 3a and 3b are vertical cross-sectional views of 
alternate erhbodiments of a trenched substrate, 
denxmstrating the use of CVD anti-r^lective coat- 
ings in accordance with the present Invention; so 
Rg. 4 is a flow diagram of an embodiment of the 
method of fornrung a self-planarized trench fill layer 
formed in accordance with the present invention; 
Rgs. 5a and 5b are vertical cross-sectional views of 
alternate embodiments of a substrate with a self- 55 
planarized trench fill lay r in accordance with the 
present invention; 

Rg. 6 is a flow diagram of an embodiment of the 
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method of processing a irendh fOI layer in accord- 
ance with the present invention; 
Rg. 7 ^ a vertical cross-sectior^ view of the sub- 
strate of Rg. 5a which has been processed with an 
oxidizing anneal in accordance with the present 
invention; 

Rg. 8 is a vertical, cross-sectional view of one 
embodiment of a chemical vapor deposition appa- 
ratus according to the present invention; 
Rgs. 9 and 10 are exploded perspective views of 
parts of the CVD chamber depicted in Rg. 8; 
Rg. 11 is a simplified diagram of system monitor 
and CVD system in a multichamber system, which 
may include one or nK>re chambers; 
Rg. 12 shows an illustrative block diagram of the 
hierarchical control structure the system control 
software, computer program, according to a spe- 
cific embodiment; 

Rgs. 13a and 13b are SEM (scanning electron 
mk:rograph) cross-sectk>nal views of a trench fOI 
layer formed using prior art depositk>n methods; 
Rgs. 14a and 14b are SEM cross-sectional views 
of a trench fill layer formed aft^ cleaning an etched 
trench having thermal oxide on the trench walls; 
Rgs. 15a and 15b are SEM cross-sectional views 
of a trench fill layer formed without thermal oxide on 
the trench surfaces; and 

Rgs. 16a and 16b are SEM cross-sectional views 
of a trench fill layer formed after cleaning a trench 
having no thermal oxide on the trench surfaces. 

I. Setf-Planarized Deposition of a Dielectric Laver in 
Shallow Trench Inteoratoi 

[001 9] Specif anbodiments of the present invention 
are illustrated using an STI integration as an example. 
The benefits of the various embodiments of the inven- 
tion can t>e readily seen by comparison with tfie prior art 
methods, such as illustrated in Rgs. la-lh. Specifkally. 
the present invention provides more efficient shallow 
trench isolation integration by providing seK-planarized 
deposition of a dielectrk: trench fill layer without sacrif k:- 
ing the quality of the dielectric layer. It is understood tfiat 
the scope of the inventbn is not necessarily limited to 
STI integratbn. 

A. R)rminq a Trench 

[0020] Rgs. 2a and 2b illustrate alternate methods of 
fornr^ng a trench on a sut>strate which is typically made 
of silicon. Referring to Rg. 2a, the first step 210 is to 
apply a CVD anti-r^ective coating (CVD ARC) directly 
on the silicon substrate. Notably, use of CVD ARC elim- 
inates the need for pad oxkie and nitride layers typically 
used for STI integratk>n. Unlike the commonly used 
organic spin on BARC, CVD ARC is an inorganic mate- 
rial that typically includes, for example. snkx>n nitride, 
silicon oxynitrid , or silicon carbkJe. The CVD ARC is 
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deposited by promoting chemical reaction of the proc- 
ess gases in a CVD system. For example, a CVD ARC 
which indixJes silicon, and nitrogen andJor oxygen (also 
known as a dielectric ARC or DARC) is deposited by 
introducing the following process gases in plasma- 
enhanced CVD (PECVD): a silicon-containing gas 
(such as silane or TEOS), and a nitrogen-containing 
gas and/or an oxygen-containing gas. Nitrous oxide 
(N2O) may be used tor siq^plying nitrogen arx) oxygen, 
but other sources of oxygen and nitrogen can of course 
be used. An inert g^ such as helium or argon is typi- 
cally used for controlling the deposition rate of the proc- 
ess and the film thickness, arxi for stabilizing the 
process. An example of a suitable CVD apparatus \s 
desatoed in U.S. Patent No. 5.558.717 entitled "CVD 
PROCESSING CHAMBER." fesued to Zhao etal.lhe 
gas ratio can be adjusted to obtain a film composition 
with the desired optical characteristics (refractive index 
and at>sorptive index) of the deposited CVD ARC. A 
CVD ARC silicon nitride layer differs from the conven- 
tional U'CVD silicon nitride layer in that the f 3m compo- 
sition of the LPCVD silicon cannot be modified because 
LPCVD is a thermal process rather than a plasma- 
enhanced process. Some of the techniques that can t>e 
used to deposit CVD ARC are desaibed in U.S. Patent 
Applicatbn Na 08/672,888 entitled "METHOD AND 
APPARATUS FOR DEPOSITING ANTIREFLECTIVE 
COATING," having David Cheung, Joe Feng. Judy H. 
Huang, and Wai-Fan Yau as inveritors; U.S. Patent 
Application No. 08/852.787 entitled "METHOD AND 
APPARATUS FOR DEPOSITING AN ETCH STOP 
LAYER." having Judy H. Huang, Wai-I^ Yau. David 
Cheung, arxj CharvLon Yang as inventors; and "Novel 
ARC Optimization Methodology for KrF Exdmer Laser 
Lithography at Low K1 Factor" by Tohru Ogawa, Mitsu- 
nori Kimura, \bichi Tomo, and Toshiro Tsunxwi, put)- 
lished in the SPIE Proceedings (Opticat/Laser 
Microlithography V). Volunte 1674, pages 362-375 
(1992). The two applications are assigned to Applied 
Materials. Inc.. the assignee of the present invention. 
These ref^ences are hereby incorporated k>y reference. 
[0021] In one emtxx£ment, a desired ratio of silane 
(SihU) to N2O is selected for depositing a DARC. In 
additbn, tsl2 and NH3 are introduced to further control 
the optical and chemical properties of the DARC depos- 
ited. The effects of N2 and NI-I3 are particulariy domi- 
nant in process regimes where SiH4 and rslgO have 
minimal or no effect on the DARC properties, e.g., at low 
temperature. The addition of NH3 and N2 in the process 
further changes the connposition of the film, allowing 
more freedom and finer tuning of the refractive irxiex 
and the absorptive index. Furthermore, the process is 
compatible with the use of helium, which is more cost- 
effective tfian argon. Helium also allows for improved 
stress control of the DARC layer deposited. This helps 
prevent the film from becoming too tensile, which can 
cause it to flake off the sut}strate after depositi n. 
[0022] The CVD ARC has the ability to absorb light 



reflected from the sut>strate during photolithography 
simBar to the BARC (Fig. 1b). In adcfition. the CVD ARC 
has a reflective property tfmt allows it to r^lect light that 
is out-of-phase from light r^lected from the sut>strate so 
5 that the two carx^el each other in what is referred to as a 
phase shift cancellation. 

[0023] The CVD ARC also has the important addi- 
tional ability to serve as an etch stop for CMP. making it 
possible to eliminate the LPCVD nitride layer (Fig. 1g). 

10 as mentioned at>ove. Further, unlike the LPCVD nitride, 
the CVD ARC can be applied cf reedy on the silicon sut>- 
strate. The pad oxide layer (Rg. la) ^ no longer needed 
to cushion the transition of stresses between the silicon 
substrate and an LPCVD nitride layer. Therefore, the 

15 single CVD ARC layer can replace the pad oxide, 
LPCVD nitride, and BARC. thereby resulting in a sim- 
pler structure arxi a more efficient metfKXi of preparing 
the substrate for STT. The CVD ARC serves both photo- 
litho^aphy arvl CMP purposes, and ateo is a good bar- 

20 rier to oxygen diffusion. 

P>024] Retiring again to Fig. 2a, a photoresist is 
formed over the CVD ARC at step 212. The photoresist 
is exposed to define the trench location where the 
trench is to be fornried (step 21 4) and the exposed pho- 

25 toresist is then stripped at the trench location (step 216) 
according to a specific embodiment An etching step 
218 is perforn^ to etch the CVD ARC and silicon sut)- 
strate to form the trertch at the trench kxation. At step 
220, the remaining photores^ is removed. According to 

30 some specific embodinDents, an optional dean step 222 
can be performed to dean the trench arxJ rerrxyve con- 
taminants. TT^ dean step 222 can empby. for exanple. 
a converttional wet etching procedure using a mixture 
containing hydrofluoric acid (HF). The resultant struc- 

35 ture is illustrated in Rg. 3a, which shows the silicon sut> 
strate 224 with a CVD ARC 226 formed thereon having 
a thickness dt about 1000-2000 A. The formed trench 
228 has a trench bottom 230 and a trench wall 232. 
[0025] Compared with the conventional approach 

40 illustrated in R^. 1 a-1 d, the method of Fig. 2a can elim- 
inate the process of growing a thermal oxide over the 
surfaces of the trendi, which is conventionally used to 
repair the plasma damage to the silicon substrate dur- 
ing trench formation. The inventors have fourxJ that 

45 depositing the surface sensitive dielectric material such 
as CVTEOS directly over a silicon trench significantly 
irrproves the quality of the trench fill layer to be formed 
over prior approaches and that the dean step 222 can 
further improve film quality, as discussed in rTX)re detail 

50 below. In addition, the inventors have discovered that an 
Qxicfizing anneal process can be used after formation of 
the trench fill layer to grow a tfiermal oxide at the trench 
bottom and trench wall as discussed betow. 
[0026] The CVD ARC may be used in specific embod- 

55 iments of the invention. According to some specific 
embodiments, sii>sequent process steps descn'bed 
below may be i^ed whether the CVD ARC or th prior 
BARC/hitride/oxide combination is used. Therefore. 
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after the formation of tfie trench, the term "etch stop** 
layer will be used Instead and is understood to repre- 
sent an LPCVD nitride layer (with a pad oxide interface) 
orCVDARC. 

[0027] In the alternate embodiment shown in Rg. 2b, 
steps 250-260 ar the same as steps 210-220 (rfRg. 2a 
and are carried out to etch ftte trench using the photore- 
sist After the photoresist is removed (step 260). how- 
ever, two ^itional process steps are performed. In 
step 262. a thermal oxide is grown on the trench bottom 
and trench wall sirnter to that shown in Rg. Id. The 
thermal oxide at the trench bottom b etched away, for 
example, using a conventional plasma etch procedure 
(step 264). The resultant structure is illustrated in Rg. 
3b, which shows a silicon substrate 270 with an etch 
stop layer 272 (CVD ARC or LPCVD nitride) formed 
th^eon and a trench 274 with a trench txittom 276 and 
a trench wall 278. After removal of the thermal oxide at 
the trench bottom 276, the r^naining thermal oxide 280 
is shown at the trench wall 278. Thereafter, a dean step 
266 ^ advantageously performed using a conventional 
wet etching process with an HP mixture or the like to 
remove contaminants. As cfiscussed below, the inven- 
tors have discovered that tfiis dean step 266 improves 
the quality of the trench fill layer tfiat will be deposited. 

B. DeoositinQ a Trench Rll Layer 

[0028] R^erring to Rg. 4. after the trenched substrate 
(224 in Rg. 3a or 270 in Rg. 3b) is prepared, it is placed 
in a process chamber (such as the chamber 15 of Rg. 
8) in step 290. Typically an inert gas is flowed into the 
chamber in step 292 to statxlize the pressure In the 
chamber before reactive process gases are introduced. 
Next a precursor having a surface sensitivity arxl 
growth rate dependence on differently constituted sur- 
faces is introduced into the chamber (step 294). An 
example of a surtat)le precursor is TEOS. Because 
TEOS is a liqud precursor, a suitable apparatus directs 
tfie bubbling of a delivery gas. such as helium, through 
the TEOS in a bubbler assembly or Introdudng a carrier 
gas, such as helium or nitrogen, to a liquid injection sys- 
tem to vaporize the TEOS and form a process gas hav- 
ing the desired flow rates. An ozone gas fs flowed into 
the diamber (step 296) to react with the TEOS to 
deposit an CVTEOS tr^ch fill layer over the substrata 
The deposition rate of the O3/TEOS layer is faster on 
the lower trench bottom (which is silicon) tfian on the 
higher surfaces of the upper portions of the substrate 
that Indude the etch stop layer (which is LPCVD nitride 
or CVD ARC). The relative deposition rates of the 
Q3/TEOS layer on the lower and higher surfaces are 
regulated in step 298 by acSusting the O^fTBOS ratio 
until the O^ATEOS layer develops a substantially self- 
planarized dielectric surface. 

[0029] The O3/TEOS rati can be adjusted by adjust- 
ing the flow rates of the O3 and/or TEOS. Rx instance, 
a predetemiined Os^^OS ratio can be selected and 



the relative flew rates are adji^ed to achieve tfiat ratio 
in step 298. It is advantageous to maximize th 
CV^OS ratio to accelerate the deposftion from the 
trench bottom to achieve planarity. O3/TEOS ratios of 

5 desirably higher than atxxit 10:1. and mae desirably 
about 10:1 to 20:1, can be used. 
[0030] The deposition of the trench fill layer can take 
place at a relatively low tenperature of under about 
SOO^'C. This advantageously avoids the undesirable alu- 

10 minum fluoride formation which m^ occur when depo- 
sition occurs at high temperatures above about 500*^0 
(ag., when necessary to density tfie dielectric film for 
low CV^OS ratios) in processing chambers tfiat 
irtdude alunrtinum materials and the longer deaning 

15 time required to remove the aluminum fluorida Otiier 
process parameters such as pressure and flow rates 
can be adjusted to optimize the deposition process for a 
selected Q3/TEOS ratio. A pressure ranging from about 
200 to 700 Torr is pref^able fa use with CV^OS 

20 ratiosof 10:1 to 20:1. 

[0031] Rgs. 5a and 5b illustrate the self-planarized 
trench fill di^ectric layers 300. 302 respectively depos- 
ited over the sut>strates 224. 270 of Rgs. 3a and 3b pre- 
pared respectively using the methods of 8a arxi 8bL As 

^ discussed in more detail below, the present methiods 
not only provide self-planarized deposition of the trench 
fOI layers, but also ensure that these layers are of high 
quality. 

30 C. Processino the Trench Rll Layer 

[0032] Referring to Rg. 6. steps 310 and 312 repre- 
sent an oxidizing anneal process that can be used to 
grow a thermal oxide at the trench surfaces after the 

35 trenches have been filled wfth the deposited trench fDI 
layer. While the process has general applicaliMlity 
t>^crKf the STI integration described herein, it has par- 
ticular advantages in this example because the prior 
thermal oxide growth (Rg. Id) has been eliminated to 

40 ensure formation of a high quality trench fill layer (e.g., 
CV^OS) and global planarization in the method of Rg. 
2a This subsequent oxicfizing anneal not only causes a 
thermal oxide to grow at the trench surfaces, but it sub- 
stantially sinruiltaneously densifies the trench fill layer. 

45 further improving its quality. A dense layer is advanta- 
geous, particularly lor isolation purposes. The oxidizirig 
anneal is performed by subjecting the sut>strate to an 
oxygen-containing gas in step 310 (such as rTX}lecular 
oxygen, steam, and any precursor with oxygen); and 

50 heating tiie substrate to a suitable temperature (ag.. 
above atxxit 800*'C) in step 312. As the substrate 224 of 
Rg. 5a undergoes the oxidizing anneal, a thermal oxide 
308 is grown along the surfaces of the trench 228 as 
illustrated in Rg. 7. The oxidizing anneal is desirat)ty 

55 made after CMP to improve the CMP process, because 
the surface ser^itive deposition is m r porous on 
active areas (LPCVD nitride or CVD ARC) than on th 
trenches (silicon) as deposited. Thfe difference in fflm 



6 



11 EP0959 

density can be b^eficial for the CMP process since the 
CMP rate will be higher over the active area than over 
the trenches. 

[(MI33] The final step 31 4 Is to selectrvety remove and 
plar^ize the trench fill material, typically by CMP This s 
step removes the trench fill material over the etch-stop 
layer which can be LPCVD nitride or CVD ARC. 
Because the dielectric profile is sut>stantially planar, no 
reverse mask and etch procedure is necessary and the 
CMP step can be completed nrK>re quickly than the case io 
where the dielectric profae is stepped, such as ttiat 
shown In Rg. If. This further decreases process time 
and Increases throughput 

II. An Exemplary CVD System /5 

[0034] One suitable CVD apparatus in which the 
method of the present invention can be carried out is 
shown in Rg. 8. which are vertical, cross-sectional 
views of a CVD system 10, having a vacuum or 20 
processing chant)er 15 that includes a chamber wall 
15a and chamber lid assembly 15b. Chamber wall 15a 
and chamber lid assembly 15b are shown in exploded, 
perspective views in Rgs. 9 and 10. 
[0035] CVD system 10 contains a gas distribution 2s 
manifold 1 1 for dispersing process gases to a sid>strate 
(not shown) that rests on a heated pedestal 12centered 
within the process chamber. During processing, the 
sut>strate (e.g. a semiconductor wafer) ^ positioned on 
a flat (or slightiy convex) surf^ 12a of pedestal 12. 30 
The pedestal can be moved controllabty between a 
lower k>ading/off-loading position (not shown) and an 
upper processing position (shown in Rg. 8), which is 
closely adjacent to manifold 11. A centertx>ard (not 
shown) includes sensors for providing information on 35 
the position of the wafers. 

[(K>36] Depositfon and earner gases are introc&jced 
into chamt)er 15 through perforated holes 13b (Rg. 10) 
of a conventional flat, circular gas distribution or face- 
plate 13a More specifically, deposition ^mx^ess gases 4o 
flow into the chamber throu^ the inlet manifbkl 1 1 (indi- 
cated by anrow 40 in Rg. 8), through a conventional p>er- 
forated blocker plate 42 and then through holes 13b in 
gas distribution faceplate 13a. 

[0037] Before reaching ttie manifokl. deposition and 45 
carrier gases are input from gas sources 7 tiirough gas 
supply lines 8 (Rg. 8) Into a mixing system 9 where th^ 
are combined and tiien sent to manifokJ 11. Generally, 
the supply line for each process gas includes (i) several 
safety shut-off \alves (not shown) that can t>e used to so 
automatically or manually shut-off the flow of process 
gas into the chamber, and (li) r^^^ fkwv controllers 
(also not shown) that measure the flow of gas through 
the supply lina When toxic gases (for exairple, ozone 
or hafogenated gas) are used in the process, the se^- 55 
eral safety shut-off valves are positioned on each gas 
supply line in conventional configurations. 
[0038] Thedepositi n process performed in CVD sys- 
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tern 10 can be ertiier a thermal process or a plasma- 
enhanced process. In a plasma-chanced process, an 
RF power supply 44 applies electrical power between 
the gas distrbution faceplate 13a and the pedestal so 
as to excite the process mixture to form a plasma 
witNn the cylindrical regfon between the faceplate 13a 
and the pedestal. (Thte region wni k>e referred to herein 
as the "reaction region"). Constituents of the plasma 
react to deposit a desired film on the surface of the sem- 
iconductor wafer supported on pedestal 12. RF power 
supply 44 is a mixed frequency RF power supply that 
typically siipplies power at a high RF frequency (RF1) of 
13.56 MHz and at a low RF frequency (RF2) of 360 KHz 
to enhance the decomposition of reactive species intro- 
duced into the vacuum chamber 15. In a thermal proc- 
ess, RF power supply 44 wouki not be utilized, and the 
process gas mixture thermally reacts to deposit the 
desired films on the surface of the s^conchictor wafer 
SL9>ported on pedestal 12, which is reststively heated to 
provide thermal energy for the reaction. 
[0039] During a plasma-enhanced depositfon proc- 
ess, the plasma heats the entire process chamber 10, 
Including the walls of the chamber body 15a surround- 
ing the exhaust passageway 23 and tiie shut-off valve 
24. When the plasma is rrat turned on or during a ther- 
mal deposition process, a hot liquid is circulated through 
the walls 15a of the process chamber to maintain the 
chamber at an ele\/ated temr)erature. Ruids used to 
heat the chanr4)er walls 15a include the typical fluid 
types, i.e., water-t>ased ethylene glycol or oil-based 
thermal transf^ fluids. This heating bcelidally reduces 
or eliminates condensation of undesirable reaclant 
products and improves the elimination of volatile prod- 
ucts of the process gases and other contanvnants that 
might contaminate the process if they were to condense 
on the walls of cool vacuum passages and migrate k)ack 
Into the processing chamber during periods of no gas 
flow. 

[IM)40] The remainder of the gas mixture that is not 
deposited in a layer, including reaction products, is 
evacuated from the chamber a vacuum pump (not 
shown). Specifically, the gases are exhausted tiirough 
an annular, slot-shaped orifice 16 surrounding the reac- 
tion region arxJ into an annular exhaust plenum 1 7. The 
annular sfot 16 and the plenum 17 are defined by tiie 
gap between the top of the chamt^er's cylindrical side 
wall 15a (including tiie upper dl^ectric lining 19 on the 
wall) and the bottom of the circular chamber lid 20. The 
360** circular symmeby and uniformity of the slot orifice 
16 and the plenum 17 are important to achieving a uni- 
form flow of process gases over tiie wafer so as to 
deposit a uniform fflm on the wafer. 
[0041] Rom the exhaust plenum 17, the gases ffow 
underneath a lateral extension portion 21 of the exhaust 
plenum 17, past a viewing port (not shown), through a 
downward-extencfing gas passage 23. past a vacuum 
shut-off vafve 24 (whose body is integrated with tiie 
lower chamber wall 15a), and into the exhaust outiet 25 
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that connects to the external vacuum pump (not shown) 
^trough a fordine (also not shown). 
[0042] The wafer support platter of the pedestal 12 
(pref^ably aluminum, ceramic, or a combination 
thereoQ is resistively-heated using an embecided sin- 
gle-loop embedded heater element configured to make 
two full turns in the form of parallel concentric circles. An 
outer portion of the heater element runs adjacent to a 
perimeter d the support platter, while an inner portion 
runs on the path of a concentrk; circle having a smaller 
radiuSv The wiring to the heater element passes through 
the stem of the pedestal 12. 

[0043] Typically, any or all of the chamber lining, gas 
inlet manifold faceplate, and various other reactor hard- 
ware are made out of material such as aluminum, ano- 
dized aluminum, or ceramic. An example of such a CVD 
apparatus is described in U.S. Patent 5,558,717 entitled 
"CVD Processing Chamber," issued to Zhao et al. The 
5,558,717 patent is assigned to Applied Materials, Inc., 
the assignee of the present invention, and is hereby 
incorporated by referenca 

[0044] A lift mechanism and motor (not shown) raises 
and lowers the heated pedestal assembly 12 and its 
wafer lift pins 12b as wafers are transferred into and out 
of the body of the chamber by a robot blade (not shown) 
through an insertion/removal opening 26 in the side of 
the chamber 10. The motor ra^es arxi lowers pedestal 
12 between a processing position 14 and a lower, wafer- 
loading position. The motor, valves or flew controllers 
connected to the supply lines 8, gas delivery system, 
throttle valve, RF power supply 44, and chamber and 
sut>strate heating systems are all controlled by a system 
controller 34 (Fig. 8) over control lines 36, of which only 
some are shown. Controller 34 relies on feedback from 
optical sensors to determine the position of movat)le 
mechanical assemblies such as the throttle valve and 
susceptor which are moved by appropriate motors 
under the control of controller 34. 
[0045] In a pref^ed emtxxiiment, the system control- 
ler includes a hard disk drive (memory 38), a floppy disk 
drive arxi a processor 37. The processor contains a sin- 
gle-tx)ard computer (SBC), analog arxj cfigHal input/out- 
put boards, interface boards and stepper motor 
controller boards. Various parts of CVD system 10 con- 
form to the Versa Modular European (VME) standard 
which defines board, card cage, and connector dimen- 
sions and types. The VME standard also defines the 
bus structure as having a 16-bit data txjs and a 24-bft 
address bus. 

[0046] System controller 34 controls all of the activi- 
ties of the CVD machine. The system controller exe- 
cutes system control software, which is a computer 
program stored in a computer-readable medium such 
as a memory 38. Preferably, memory 38 is a hard disk 
drive, but memory 38 may also be other kinds of mem- 
ory. The corrputer program includes sets of instructions 
that dictate the timing, mixture of gases, chamber pres- 
sure, chamber temperature, RF power levels, susceptor 



position, and other parameters of a particular process. 
Other computer programs stored on other memory 
devices including, for example, a fk)ppy disk or othm- 
another appropriate drive, may also be used to operate 
5 controller 34. 

[0047] The interface between a user and controller 34 
is via a CRT rtKviitor 50a and light pen 50b. shown in 
Rg. 11. which is a simplified cfiagram of the system 
monitor and CVD system 10 in a sut)strate processing 

10 system, which may include one or more chamt)ers. In 
the preferred errixxfiment two mcKutors 50a are used, 
one mounted in the dean room wall for the operators 
and the other behind the wall for the servk;e techni- 
cians. The monitors 50a simuHaneousty display the 

IS same information, but only one light pen 50b ^ enat}led. 
A light sensor in the tq3 of light pen 50b detects light 
emitted by CRT display To select a particular screen or 
function, the operator touches a desigr^ed area of the 
display screen and pushes the button on tt^ pen 50b. 

20 The touched area changes its highlighted color, or a 
new menu or saeen ^ displayed, confirming communi- 
cation between the light pen and the display screen. 
Other devices, such as a keytx)ard, mouse, or other 
pointing or communication device, may be used instead 

25 of or in addition to light pen 50b to allow the user to com- 
municate with controller 34. 

[0048] The process for depositing the film can l>e 
irrplemerrted using a corrputer program product tfiat is 
executed by controller 34. The computer program code 

30 can t>e written in any conventional conputer readable 
programming language: for example, 68000 assembly 
language, C. C++, Pascal, Fortran or others. Suitable 
program code is entered into a single fOe, or muttple 
fOes, using a conventional text editor, and stored or 

35 embodied in a computer usable medium, such as a 
memory system of the corrputer. If the entered code 
text is in a high level language, the code is corrpiled, 
arxi the resultant compiler code is then linked with an 
object code of precotrpiled WirxJows™ library routines. 

40 To execute the linked, corrpiled ot>ject code the systm 
user invokes the object code, cai^ng the computer sys- 
tem to load the code in memory. The CPU then reads 
and executes the code to perform the tasks identified in 
the program. 

45 [0049] Fig. 12 an illustrative bk)ck cfiagram of the 
hierarchical control structure of the system control soft- 
ware, computer program 70, according to a specific 
embodiment Using the light pen interfece. a user enters 
a process set number arxi process chamt)er number 

50 into a process selector subroutine 73 in response to 
menus or screens dfeplayed on the CRT rrxwitor. The 
process sets are predetermined s^ of process param- 
eters necessary to carry out specified processes, and 
are identified predefined set numbers. The process 

55 selector subroutine 73 identrftes (i) the desired process 
chant>er and (ii) the desired set of process parameters 
needed to operate the process chamber for performing 
the desired process. The process paramet rs for per- 
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forming a spedf ic process r late to process condrtior^ 
siK^ as, for example, process gas composition and flow 
rates, temperature, pressure, plasnna cc^iditions such 
as RF power la^ete and the low frequ«Tcy RF fre- 
quency, cooling gas pressure, and chamber wall tern- 5 
perature. These parameters are provided to the user in 
the fonn of a recipe, and are entered utilizing the light 
pen/CRT monitor interface. 

[0050] The signals for monitoring the process are pro- 
vided by the analog and digital input boards of the sys- 10 
tem controller, and the signals for controlling the 
process are output on the analog and digital output 
boarcfe of CVD system 10. 

[0051 ] A process sequencer subroutine 75 comprises 
program code fa accepting the Identified process is 
chamber and set of process parameters from the proc- 
ess selector subroutine 73. and for controllirKi operation 
of the various process chambers. Multiple users can 
enta process set numt>ers and process ct^nnber num- 
bers, or a user can enter multiple process set niOTit>er5 20 
and process chamber nurTt>ers. so the sequencer sut>- 
routine 75 operates to schedule the selected processes 
in the desired sequence. Preferat}ly, the sequencer sut>- 
routine 75 includes a program code to perform the steps 
of (i) nnnitoring the operation of the process chambers 25 
to determine if the chambers are being used, (ii) deter- 
mining what processes are being canied out in the 
chambers being used, and (iii) executing the desired 
process based on availat)ility of a process chamber and 
type of process to be carried out. Conventional methods 30 
of nfKHiitoring the process cfiambers can fc>e used, such 
as polling. When scheduling which process is to be exe- 
cuted, sequencer si^outine 75 takes into considera- 
tion the present condition of the process chamber t>eing 
used in comparison with the desired process corKlrtions 35 
for a selected process, or the "age" of each particular 
user entered request, or any other relevant factor a sys- 
tem programmer desires to include for determining 
scheduling priorities. 

[0052] Once the sequencer sut>routine 75 determines 40 
which process chamber and process set combination is 
going to be executed n^ the sequencer subroutine 75 
initiates execution of the process set by passing the par- 
ticular process set parameters to a chamber manager 
subroutine 77a-c. which controls multiple processing 45 
tasks In a process chamber 15 according to the process 
set determined by the sequencer subroutine 75. For 
example, the chamber manager subroutine 77a com- 
prfees program code for controlling sputtering and CVD 
process operations in the process chamber 15. The so 
chamber manager subroutine 77 also controls execu- 
tion of various chamber conrponent subroutines tiiat 
control operation of the chamber conrponents neces- 
sary to carry out the selected process seA. Examples of 
chamber component subroutines are sut>strate posi- 55 
tioning subroutin 80, process gas control subroutine 
83, pressure control sut)routine 85, heater control sut>- 
routine 87, and plasma control subroutine 90. Those 



having ordinary skill in the art will reacfity recognize that 
other chanrto cmtrol sut>routines can be included 
dependng on what processes are to be perfornr«d in 
the process chamber 15. In (deration, the chamber 
manager si^utine 77a selectively schedules or calls 
the process component subroutines in accordance with 
the particular process set being executed. The chamb^ 
manager suk>routine 77a schedules the process compo- 
nent subroutines much like the sequencer sutsroutine 
75 schedules which process chamber 15 and process 
set are to be executed next Typk:ally. the chamber man- 
ager sidbroutine 77a includes steps of monitoring the 
various chamber components, determining which com- 
ponents need to be operated based on the process 
parameters for the process set to be executed, and 
causing execution of a chamber conrponent subroutine 
responsive to the monitoring and detemtining steps. 
[0053] Operation of particular chamber component 
subroutines will new be described with reference to Fig. 
12. The substrate positioning subroutine 80 comprises 
program code for controlling chamber conponents that 
are used to load the substrate onto pedestal 12 and. 
optionally, to lift the sut>strate to a desired height in the 
dumber 15 to control the spacing between the sufc>- 
strate and the gas distrttxition manifold 1 1 . When a sut>- 
strate is loaded into the process chamber 15. pedestal 
12 is lowered to receive the substrate, and thereafter, 
tiie susceptor 12 is raised to the desired height in the 
chamber, to maintain the sid)^rate at a first distance or 
spacing from the gas distribution manifoti durir^g the 
CVD process. In operation, the substrate positioning 
subroutine 80 controls nrovement of pedestal 12 in 
response to process set parameters related to the sip- 
port height that are transf^ed from tiie chamber man- 
ager subroutine 77a. 

[0054] The process gas control sut>routine 83 has pro- 
gram code for controlling process gas composition and 
flow rates. The process gas control subroutine 83 con- 
trols the open/cbse position of the safety shut-off 
valves, and also ramps upAtown the mass f ksw control- 
lers to obtain the desired gas f tow rate. The process gas 
control siftxoutine 83 Is invoked by tfie chamber man- 
ager subroutine 77a. as are all chamber component 
subroutines, and receives from the chamber manager 
subroutine process parameters related to the desired 
gas flow rates. Typically, the process gas control si^ 
routine 83 operates by opening the gas supply lines and 
repeatedly (I) reading the necessary mass fkTw control- 
lers, (ii) comparing the reacSngs to the desired flow rates 
received from the chamber manager subroutine 77a. 
and (iii) acQi^ng the flow rates of the gas supply lines 
as necessary. Furthemwe. the process gas control 
subroutine 83 includes steps tor monitoring the gas ftow 
rates for unsafe rates and for activating the safety shut- 
off valves when an unsafe condition is detected. 
[0055] In some processes, an in rt gas such as 
helium or argon is flowed Int the chancer 15 to stabi- 
lize tiie pressure in the chamber before reactive process 
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gases are introduced. For these processes, the process 
gas control sut}routine 83 is programnDed to include 
steps for flowing the inert gas into th chant>er ISforan 
amount of time necessary to stabilize the pressure In 
the chamber, and th n the steps descrbed above would 5 
be carried out Additionally, wh^ a process gas is to be 
vaporized from a liquid precursor, for example, TEOS, 
the process gas control sutxoutine 83 is written to 
include steps for bubblir^ a delivery gas. such as 
helium, through the liquid precursor in a bubbler assem- w 
biy or introducing a C3m& gas, such as heRum or nitro- 
g^. to a liquid injection system. When a bubbler is used 
for this type of process, the process gas control subrou- 
tine 83 regulates the flow of the delivery g^, the pres- 
sure in the bubbler, and the bul)bler temperature in 15 
order to obtain the desired process gas fbw rates. As 
discussed above, the desired process ^s flow rates are 
transferred to the process gas control sutxoutine 83 as 
process parameters. Furthermore, the process gas 
control subroutine 83 includes steps for obtaining the 20 
necessary delivery gas flow rate, bubbler pressure, and 
bubbler temperature for the desired process gas flow 
rate by accessing a stored table containing the neces- 
sary values for a given process gas flow rate. Once the 
n cessary values are obtained, the delivery gas flow 25 
rate, bubbler pressure and bubbler temperature are 
nmnrtored, compared to the necessary values and 
adjusted accordingly. 

[0056] The pressure control subroutine 85 comprises 
program code for controlling the pressure in the cham- 30 
ber 15 1^ regulating the size of the opening of the t^ot- 
tle valve in the exhai^ system of the chamber. TTie size 
of the opening of the throttle valve is set to control the 
chamber pressure to the desired level in relation to the 
total process gas flow, size of the process chamber, and 35 
pumping setpoint pressure for the exhai^ system. 
When the pressure control subroutine 85 is invoked, the 
desired, or target, pressure level is received as a 
paranrteter from the chamber manager subroutine 77a. 
The pressure control subroutine 85 operates to meas- 40 
ure the pressure in the chamber 15 by reading one or 
nDore conventional pressure marK)meters connected to 
the chamber, to compare the measure value(s) to the 
target pressure, to obtain PID (proportional, integral, 
arxJ <£fferential) values from a stored pressure table cor- 45 
responding to the targ^ pressure, and to adjust the 
throttle valve according to the PID values obtained from 
the pressure tat>le. Altematively, the pressure control 
sut)routine 85 can be written to open or dose the throt- 
tle vaive to a particular opening size to regulate the so 
chamber 15 to the desired pressure. 
[0057] The heater control sutxoutine 87 comprises 
program code for controlling the current to a heating unit 
that is used to heat the sut>strate 20. The heater control 
sut)routine 87 is also invoked by the chamber manager 55 
sut>routine 77a and receives a target, r set-point, tem- 
perature parameter. The heater control sutxoutin 87 
measures th temperature t}y measuring voltage output 



of a thermocoi^le located in pedestal 12, comparing 
the measured temperature to the set-point tenperature. 
and increasing or decreasir^ current applied to the 
heating unit to obtain the set-point temperature. The 
temperature is obtained from the measured voltage 
looking up the con-esponding temperature in a stored 
conversion tat)le, or by calculating the temperature 
using a fourth-order polynonrual. When an errt>€dded 
loop is used to heat pede^ 12, the heater control sut>- 
routine 87 gradually controls a ramp up/down of curr^ 
applied to the loop. Adcfitionally. a built-in fail-safe mode 
can be included to detect process safety compliance, 
and can shut down operation of the healing unit if the 
process chamb^ 15 is not properly set up. 
[0058] The plasma control subroutine 90 conprises 
program code for setting the low and high frequency RF 
power levels applied to the process electroctes in the 
chamber 15, and for setting the low frequency RF fre- 
quency employed. Similar to the previously descrft>ed 
chamber component subrcnjtines, the plasma control 
subroutine 90 is invoked by the chanrt>er manager sut>- 
routine77a. 

[0059] The above reactor descrption is mainly for 
illustrative purposes, and other pl^ma CVD equipment 
such as electron cyclotron resonance (ECR) plasma 
CVD devices, induction coupled RF high density plasma 
CVD devices, or the like may be employed. Additionally, 
variations of the above-descr3>ed system, such as vari- 
ations in pedestal design, heater design, RF power fre- 
quencies, kx:ation of RF power connections arxi others 
are possible. For example, the wafer coukJ be supported 
by a susceptor and heated quartz lamps. The layer 
and method for forming such a layer of the present 
invention is not linnited to any specific apparatus or to 
any specific plasma excitation method. 

111. Experiments and Test ResuHs 

[0060] The following experimental examples are used 
to illustrate the advantages of the present invention in 
the dielectric film c^ity when the Afferent methods 
described above are used for preparing the trenches in 
the sut>strate prior to depositk>n. The examples were 
undertaken using a CVD chamber, and in particular, a 
"DxZ" or a "CxZ" chamber (sized for a 200-mm sub- 
strate and having a volume of atxxjt 7 liters) tat)ricated 
and sold by Applied Materials, Inc., Santa C^lara, Califor- 
nia. Silicon substrates having an LPCVD silicon nitride 
etch stop layer and trenches with different widtfis up to 
0.25 jim were used. Deposition was carried out by sut>- 
atmospheric CVD (SACVD). Typical process parame- 
ters for the dielectric depositk)n procedure outlined in 
Rg. 4 include a pressure of atxxit 200-700 Torr, a heater 
temperature of about 300-500°C, an inert gas (He or 
N2) flow rate of about 5.000-10,000 seem (standard 
cubic centimeters per minute), an ozone flow rate of 
about 4,000-8,000 seem, a TEOS flow rate of about 
200-500 mgm (milligrams per minute), and an ozone 
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concentratton of about 12-20 wt % (percent by weight). 
[0061] In the exanrples shown in Rgs. 13a-16b. the 
same process parameters were used: a pressure of 
about 450 Torr. a heater temperature of about 400^0. a 
helium flow rate of atxujt 3000 seem, an ozone f bw rate 
of atx>ut 5000 seem, a TEOS flow rate of about 320 
mgm. and an o^>ne concentration of about 12.5 wt %. 
This provides an Og/TEOS ratio of about 13:1. The 
observed deposition rate \s about 3000 A/min on silicon, 
about 1000 A/min on LPCVD silicon nitride, and about 
1 050 AAnin on thermal Q»de. The trench depth is about 
0.55 pm and two trench widths are used: 0^5 fim (Figs. 
13a-16a) and 1 \m\ (Rgs. 13b-16b). 
[0062] Rgs. 13a and 13b show SEM aoss-sectional 
views of an CV^OS layer 350 formed over a trenched 
sut>stFate 352 with an LPCVD silicon nitride etch stop 
layer 354. The trenches are prepared using a prior 
method of growing a thenmal oxide at the trench bot- 
toms and trench walls and then etching away the ther- 
mal oxide from the trench bottoms. Although the trench 
fill layer 350 has a surface profile tfiat approaches 
planarrty. defects in the form of separations along the 
trench surfaces, particularly at the trer)ch walls, are 
observed. Voids indicating undesirat)le porosity are 
observed in the trench fill layer 350 near the trench wall 
for the trench at the open field (Rg. 13a). These defects 
are believed to be the result of intrinsic stress differ- 
ences t>etween dielectric film growth on the silicon at 
the trench tXTttom and the thermal oxide at the trench 
wall. The defects are undesirable, and particularly prob- 
lematic for isolation purposes. 
[0063] R^ 14a and 14b show SEM aoss-sectional 
views of an O3/TEOS layer 370 formed over a trenched 
sut>strate 372 using a method of preparing trenches that 
is similar to that shown in Rg. 2b. except that an LPCVD 
silicon nitride etch stop layer 374 used instead of a 
CVD ARC. According to this method, the trenches are 
cleaned after etching away the tfiermal oxide from the 
trench bottoms (step 266). In th^ exarrple. a wet etch 
using a mixture containing about 1 % HF is performed 
for about 10 seconds, although other similar cleaning 
processes can also be used. As shown in R^ 14a and 
14b. this dean step quite sut>stantially improves the 
quality of the dielectric film 370, which has a substan- 
tially planar surface. The separations along the trerK:h 
surfaces are less pronounced and widespread when 
compared with those of Rgs. 13a and 13b. The porosity 
adjacent the trench surfaces is significantly reduced. 
Cleaning the trenches prior to depositbn apparently 
reduces the stress effects. As seen from the improve- 
ment to ^e quality of the trench fill layer 370, the dean 
step 266 can offer ben^its that outweigh the cost of per- 
forming the additional step. 

[0064] Rgs. 15a and 15b show SEM aoss-sectional 
views of an O3/TEOS layer 380 formed over a traiched 
sut)strate 382 using a method of preparing trenches that 
is similar to that shown in Rg. 2a. except that an LPCVD 
silicon nitride etch stop layer 384 is used instead of a 



CVD ARC. This method elimir^es the growth of ther- 
mal oxide before the deposition of the CVTEOS film, 
thereby avoiding stress effects. In th^ example, how- 
ever, the dean step 222 is not p^formed. As shown in 

5 R^. 15a and 15b, the quality of the sii>^antially planar 
trench fill layer 380 is remarkably better than those of 
the fir^ two examples (Rgs. 13a-15b). There is no 
noticeable separation alor^ the trench surfaces and 
very few voids are formed, most of which are near or 

10 above the LPCVD nitride layer 384 and will sut}se- 
quently be removed by CMP. The good quality trench fDI 
layer 380 is particularty advantageous for trench isola- 
tion purposes. To grow a thermal oxide at the trench 
surfaces and further density the trench fill layer 380. the 

15 oxicfizing anneal procedure desabed above in connec- 
tion with Rgs. 6 and 7 can be used. 
[0065] Rgs. 16a and 16b show SEM cross-sectional 
views of a substantially planar CVTEOS layer 390 
fbmned over a trerK^hed substrate 392 i^ng a method of 

20 preparing trenches that is similar to tfiat shown in Rg. 
2a, except that an LPCVD silicon nitride etch stop layer 
394 is used instead of a CVD ARC. This method differs 
from tfiat used to conduct the deposition shown in Figs. 
15aand 15bintfiatitindudesthetrench dean step 222 

25 prior to deposition. In this example, the trenches are 
deaned by a wet etch using a mixture containing atxHJt 
1% HF for atxHit 10 seconds Rgs. 16a and 16b shows 
some improvement in the quality of tfie trench fill layer 
390 over that of Rgs. 15a arxi 15b; specifically in terms 

30 of less void formatioa Thus, the optional dean step 222 
can t>e used when additional improvement in f Om quality 
is desired. An oxidizing anneal can also be used to grow 
a tiiermal oxide at the trench surfaces. The trench f ai 
layer 390 of Rg. 16a has superior global planarization 

35 with virtually no step height effect as compared witii the 
trench fill lay^ 128 sfiown in Rg. 1e. which has the step 
height 130. 

[0066] As seen from the atxive discussioa defects are 
formed along and adjacent to trench surfaces when the 

40 dielectric material is deposited over a trench having a 
thermal oxide grcwn on the trench wall arxJ trench bot- 
tom and then etched from the trench bottom. Some 
embodiments of the present invention reduce the forma- 
tion of the defects by applying a trench dean step prior 

45 to deposition of the dielectric trench fill material. In a 
preferred embodimerrt the conventional tfiermal oxide 
growth is eliminated prior to deposition to substantially 
^iminate the defects. Instead, a thermal oxide is prefer- 
at)ly grown on the trench surfaces after deposition using 

50 an oxidizing anneal procedure which also densif ies the 
dielectric trerKh fill layer. 

[0067] The present method can t>e used to improve 
the global planarization without sacrifidng the quality of 
ttie dielectric film and to reduce cost and inaease 
55 throughput. The oxidizing anneal makes it po5sS)le to 
grow a thermal oxide at the trench surfaces after fflling 
the trenches with a self-f^arized. high quality trench 
fill layer. The use of CVD ARC for photolithograpfiy and 
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CMP purposes to fc»'m trenches is more effiderrt and 
results in a simpler structure. In addition, alternate 
embodiments can be devised by, for example, varying 
the Q3AHOS ratio, ^essure, or other parameters for 
dielectric deposition. The scope of the Invention should, 
therefore, be determined not with refer^rce to the 
above description, but instead should be determined 
vtrith reference to the appended claims along with their 
full scope of equivalents. 

Ciafnts 

1 . A method for forrrang a dielectric l^er on a silicon 
substrate which iricludes a silicon trench formed 
between upper portions arxJ having a trench bottom 
and a trerx;h wall, said sut>strate disposed in a sut>- 
strate processing chamt>er. said method using a 
precursor which provides deposition rate depend- 
ence of said cfielectric layer on differently consti- 
tuted surfaces at different levels on the substrate, 
said differently constituted surfaces at different lev- 
els comprising said trench tX3ttom and a material on 
said upper portions, the method comprising the 
steps of: 

introducing said precursor, preferably TEOS. 
into said substrate processing chamt>er; 
flowing ozone into said suk>strate processirig 
chamt>er to react with said precursor to deposit 
a dielectric layer ever said sitetrate; and 
adjusting an ozone/^ecursor ratio between 
said ozone and said precursor to regulate dep- 
osition rates of said dielectric l^er on said dif- 
ferently constituted surfaces until said dielectric 
layer develops a sut)stantially planar dielectric 
surfaca 

2. The method of daim 1 further corrprising. prior to 
said introdudng. flowing, and adjusting steps, the 
step of cleaning said trench. 

3. The method of daim 2 wherein said cleaning step 
indudes exposing said trench to a wet etchant. 

4. The method of daim 1 wherein said material on 
said upper portions irtdudes a CVD anti-reflective 
coating on said siPicon substrate. 

5. The method of daim 1 wherein said trerK;h is 
formed t>y applying a CVD arrti-ref lective coating on 
and contacting said silicon substrate; forming a 
photoresist on said CVD anti-reflective coating; 
exposing a portion of said photoresist to a light to 
define a location where said trench is to t>e formed; 
removing said photoresist at said location; and 
etching, at said location, through said CVD anti- 
r^lective coating and through a depth of said sdb- 
strat to form said trench at said location. 



6. The method of daim 1 further compr^ng the steps 
of flowing an oxygen-containing gas into said sut>- 
strate processing chanri^er and heating said sub- 
^rate to sut)stantially simultaneousty densify said 

5 cfielectric layer and to form a thermal oxide at said 
trench bottom and trench wall. 

7. The method of daim 1 wherein said adji^ng step 
indudes generating faster deposition rates on lower 

10 surfaces than on higher surfaces of said substrata 

8. The method of daim 1 further comprisir^ the step 
of generating a pressure of akxHit 200-700 Torr and 
a temperature of atxxit SOO-SOO^'C in said substrate 

IS processing chamber. 

9. The method of daim 1 wherein said adjusting step 
indudes adji^ting said ozone/jprecursor ratio to 
about 10:1 to 20:1, preferably about 13:1. 

20 

10. The metfKxl of daim 9 further compr^ng the step 
of corrtrdling a pressure in said sut>strate process- 
ing chamt>er t>ased on an ozone/precursor ratio 
selected c&jring said adjusting stepi 

25 

11. A substrate processir>g system comprising: 

a housing defining a process charTt>er; 
a substrate holder, located within said process 
30 chamt>er, for holding a silicon substrate which 

indudes a silicon trench formed between upper 
portions and having a trench bottom and a 
trench wall; 

a gas delivery system for introdudng process 
35 gases into said process diamber; 

a controller for controlling said gas delivery 
system; and 

a memory coupled to said controller compris- 
ing a corTputer-readat)le medium having a 

40 corrputer-readable program embodied therein 

for directing operation of said controller, said 
computer-readable program indufing a set of 
instructions to control said gas delivery system 
to introduce a process gas induding ozone and 

45 a precursor into said process charTt)er to form 

a dielectric layer on said silicon sut)strate. said 
precursor providing deposition rate depend- 
ence of said dielectric layer on differently con- 
stituted surfaces at different levels comprising 

50 said trench bottom arxi a material on said 

upper portions of said silicon sut>strate. and to 
adjust an ozone/jprecursor ratio t>etween said 
ozone and said precursor until said cfielectric 
layer develops a substantially planar cfielectric 

55 surface. 

1Z A metiod for processing a substrate induding a 
trench having a trench surface and a trench fill 
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matertaJ disposed thereon, said substrate cfisposed 
in a sut>strate proces^ng channber, the method 
comprising the steps of: 

providing an oxygen-containing gas in said 
stjt)strat processing (^iamt>er; and 
heating said sut>strate to sitetarrtiaDy simuHa- 
neousty der^ify said trench fill material arxJ to 
form a thermal oxide at said trench surface. 

13. The method of daim 12 wherein said oxygen-con- 
taining gas IS selected from the group cons^ng of 
molecular oxygen gas and steam. 

14. TTie metfiod of daim 12 wher^n said heating step 
indudes increasing a temperature of said sut>strate 
to at least about 800*^0. 

15. A substrate processing system comprising: 

a housing defining a process chamber; 
a substrate holder, located within said process 
chamt>er, for holding a sut)strate induding a 
trench having a trench surface arxi a trench fill 
material disposed thereon; 
a gas delivery system for Introdudng process 
gases into said process chamber; 
a heater for heating said substrate; 
a controller for controlling said gas delivery 
system arxJ said heater; and 
a mennory coupled to said controller compris- 
ing a computer-readable medium having a 
computer-readable program emtxxfied thera'n 
for cfirecting operation of said controller, said 
connputer-readable program induding a set of 
instructions to contrd said gas delivery system 
to introduce an oxygen-containing gas into said 
process chamber and to control said heater to 
heat said substrate to substantially simultane- 
ously density said dielectric layer and form a 
th^mal oxide at said trench surface. 

1 6. A method for forming a trench isolation structure on 
a substrate, the method connprising the steps of: 

applying a GVD anti-reflective coating on and 
contacting said substrate; 
forming a photaesist on said CVD anti-reflec- 
tive coating; 

exposing a portion of said photoresist to a light 
to d^lne a location where a trench is to be 
formed; ^ 
renrK>ving said photoresist at said location; and 
etching, at said location, through said CVD 
anti-reflective coating and through a depth of 
said sutjstrate t form said trench at said loca- 
tion. 



17. The method of daim 16 wfierein said CVD anti- 
rellective coating is applied with a thickness of 
about 1000-2000 A. 

5 ia The method of daim 16 further comprising. foDow- 
ing said etching step, the steps c^: 

removing a remainder of sakJ photoresist; and 
filling said trench on said sut>strate with a 
10 trench fill material, preferably an oxide. 

19. The method of daim 18 wher^n said oxide com- 
prises an oxide film produced by reacting a precur- 
sor, preferat>ly TEOS, and ozone. 

15 

20. The method of daim 19 wherein said oxide f3m has 
a ratio of said ozone to said precursor of about 10:1 
to 20:1, preferat>ly aboiA 13:1. 

20 21. The method of daim 19 further comprising tiie 
steps of: 

subjecting said substrate to an oxygen-contain- 
ing gas; and 

^ heating said sut>strate to substantially simulta- 

neously density said trench fDI material and to 
form a thermal oxide at an interface between 
said trench fill material and a surface of said 
trench. 

30 

22. The method of claim 18 further comprisir^ the 
steps of: 

subjecting said substrate to an oxygen-contain- 

35 ing gas; and 

heating said sitetrate to substantially simulta- 
neously densrfy said trench fill material and to 
form a thermal oxide at an interface t>6tween 
said trench fill material and a surface of said 

40 trench. 

23w The method of daim 18 wherein said trench fOling 
step indudes depositing a layer of said trench fDI 
material in said trefK^h and said CVD anti-reflective 
45 coating; and selectively removing said trench fOl 
material over said CVD anti-r^lective coating. 

24. The method of daim 23 wherein said selective 
removing step is a chemical mechanical polishing 

50 step and wherein said CVD anti-reflective coating 
acts as an etch stop for said chemical mechanical 
polishing step. 

25. The method of daim 16 wtierein said CVD anti- 
55 reflective coating is formed by a plasma-enhanced 

ch^cal vapor deposition of a cfielectric material. 

26. The method of daim 25 v^erein said dielectric 
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material is selected from the group consisting of sil- 
icon nitride and silicon oxynrtride. 

27- The method of daim 16 wherein said CVD anti- 
r^lective coating conrpr^es silicon carbide. s 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



14 



EP0959496A2 





15 



EP0 959496 A2 




EP0 959 496 A2 



FIG 2a 



Apply CVD ARC over substrate 



■210 



Form photoresist over CVD ARC -^212 



Expose photoresist to define trench location — - 21 4 



Remove photoresist at trench location 



I 



'216 



Etch CVD ARC and substrate to form trench at trench location 

I 



Remove photoresist 



—220 



Clean trench 



-222 



17 



EP0 959496 A2 



FIG 2b 



Apply CVD ARC over substrate j-- 250 

1 



Form ptiotoresist over CVD ARC — 252 



Expose photoresist to 


define trench location 






Remove photoresist at trench location 



I 



—256 



Etch CVD ARC and substrate to form trench at trench location 



Remove photoresist 



I 



—260 



Grow thennal oxide at trench bottom and wall | — 262 

i 



Etch away thermal oxide from trench bottom 

1 



—264 



Clean trench 



—266 



18 



EP0959496A2 



FIG 3a ^28 



230* 



232- 




226 
224 



FIG 3b 



274 



276- 



-280- 



-278 




272 



270 



FIG 4 



Position trenched substrate in process chamber — 290 



I 



Flow inert gas into process chamber | — 292 

1 



Introduce precursor into process chamber | — 294 

1 



Flow ozone gas into process chamber 



--296 



Adjust ozone / precursor ratio 



-298 



19 



EP0959496A2 



RG5a 



C 



228 



-300 
-226 

-224 



J 



FIG 5b 



r 



274 



-280- 



^302 
'272 

-270 



FIGS 

Subject substrate to oxygen-containing gas 



I 



—310 



Heat substrate to density trench fiil layer and grow thermal oxide 

i ~ 



CMP trench fill layer down to etch stop layer 



-314 



FIG 7 



r 



228 



-308 



t- 



-300 
-226 

224 



20 



EP0959496A2 




21 



EP0 959496 A2 



FIG 9 




S6 




22 



EP0959496A2 




EP0^ 496 A2 



REMOTE SYSTEM FIG 11 

MONITOR AND UGHTPEN 




DC POWER PANEL 
SUPPLY BOX 



24 



EP0959496A2 



R612 



Processor selector 
Chamber selection 
Process gas flow 
Temperature 
Pressure 
Plasma power 



77b 



LI 



Chamber manager 



Substrate 
positioning 

? 

80 



-73 



75 

(L 

Process 
sequencer 



70 



Chamber manager 
for CVD/sputtering chamber 



Process gas 
control 

1 

83 



77c 



Chamber manager 



-77a 



Pressure 
control 



T" 

85 



Heater 
control 

87 



1 



Plasma 
control 

90 



25 



EP0^496A2 




26 



EP0 959 496 A2 




EP0959496A2 




EP0959496A2 




29 



(19) 



J 



(12) 



EuropSisches Patentamt 
European Patent Off 
Office europ^en des brevets 

EUROPEAN PATEm- APPLICATION 



llllllilHIIIIIIIIIIi 

(11) EP 0 959 496 A3 



(88) Dateof putslication A3: 

15^12.1999 Bulletin 1999/50 

(43) Dateof put)lication A2: 

24w 1 1 .1 999 Bulletin 1 999/47 

(21) Application nunnber: 98401232.8 

(22) Date of filing: 22.05.1998 


(51) Ini a.^: HOI L 21/762, HOI L 21/00. 

Hni 1 91/097 Mnil 91/^1 


(84) Designated Contracting States: 


(72) Inventors: 


AT DC wH CY Uc Div cS R GB GR IE rT LI LU 


• Geig^, FakKice 


MCNLPTSE 


38240 Meylan (FR) 


Designated Extension States: 


• Gaillard, Frederic 


ALLTLVMKROSI 


38800 Voiron (FR) 


(71) Applicant: 


(74) Representative: 


Applied Materials, Inc. 


KIrschner, Klaus Dieter, Dipl.-Phys. 


Santa Dara, Califbrnia 95052 (US) 


Schneiders & Behrendt 




RechtsanwSlte - PatentanwSlte 




Sollner Strasse 38 




81479 Munchen (DE) 



CO 

< 

o> 

O) 

o 
a 

LJJ 



(54) Methods for forming seif-|rianarized dielectric layer for shallow trench integration 



(57) A metfiod for depositing a trench oxide filling 
l^er (300) on a trenched substrate (224) utilizes the 
surface sensitivity of dielectric materials such as 
O3/TEOS. Such materials have different deposition 
rates on differently constituted surfaces at different lev- 
els on the trenched substrate (224) so that the surface 
profile of the deposited layer (300) is sut>stantially self- 
planarized. Depositing the delectric mat^ial on a sill- 
con trench (228) produces a high quality filling layer, 
and cleaning the trench (228) prior to deposition can 
increase the quality. After deposition, an oxidizing 
anneal can he performed to grow a thermal oxide (308) 
at the trench surfaces and density the dielectric mate- 
rial. A chemical mechanical polish can be used to 
remove the excess oxide material above an etch stop 
layer (226) of the sa>strate (224) which can be formed 
of LPCVD nitride or CVD anti-reflective coating. 



HG2b 

I ^>yCVDAI^om5iibMe"} ^250 



I 



I Reinow photoresist at trench bcalion I — 255 
r^iCVD ARC and substrate to form fien^ 31 ti^ | — 258 

if 



nemovephcAxesist I — 260 

1 

I &wthCTmloddeatreiKJib(^ — 2G2 



^havaySierTnatoxidBfcDnttrGncbtwQan -^2B^ 



FMmedbyXeroK (UK) Busbiess Ser^css 
2.16.7/3i6 



(Cont next page) 



EP0 959496 A3 



nG4 

Pbsidon trenched substrate in po(^c^ I — 290 



Raw inert gas into process ctont)er | — 292 

1 



IntrtMluce precursor into process chamber 



—294 



Row ozone gas into piDcess chamber | — 296 

i 



Adjust cuons/ precursor ratio 



—298 



FIG 6 

Subject substrate to mygen-conlaining gas [ —-310 



Heat substrate to density trench fill layer aid grow ttiernial oxhte 



—312 



CMP trench mi layer down to etch stop layer — 314 



2 



EP0^ 496 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppQcitlon NundMH' 

EP 98 40 1232 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citatk}n of documem wrm tndk:atk>a where ap 
of retevanl passages 



Relevam 
to dsini 



CLASSIFICATION OF THE 
APPUCATION QntCU) 



US 5 665 635 A (HYUNDAI ELECTRONICS 
INDUSTRIES CO) 

9 September 1997 (1997-09-09) 

* colunn 2, line 44 - Tine 62 * 

* column 4, line 4 - line 9 ♦ 

* column E, line 27 - line 29 * 

* column 4, line 35 - line 46 * 

EP 0 819 786 A (APPLIED MATERIALS INC) 
21 January 1998 (1998-01-21) 

* examples 23-35 * 

US 5 786 262 A (TAIWAN SEMICONDUCTOR) 
28 July 1998 (1998-07-28) 

* column 2, line 5 - line 35; claims 
1-6,18-20 * 

DATABASE WPI 
Week 9741 

Derwent Publications Ltd., London, GB; 
AN 97-447360 
XP002078425 

& TW 309 630 A (TAIWAN SEMICONDUCTOR MFG 
CO LTD), 1 July 1997 (1997-07-01) 

* abstract * 

HUANG J ET AL: TILM PROPERTIES OF 
SUB-ATMOSPHERIC PRESSURE CVD (SACVD) OXIDE 
VS 03 TO TEOS RATIO" 
EXTENDED ABSTRACTS, 

vol. 93/1, 1 January 1993 (1993-01-01), 
page 425/426 XP000431761 

* the whole document * 

EP 0 778 358 A (APPLIED MATERIALS INC) 
11 June 1997 (1997-06-11) 

* column 4, line 44 - line 49; claim 1 ♦ 



-/- 



1-3,7,9, 
10 



8 

1.4,5 



1.7.8, 
10,12-14 



H01L21/762 
H01L21/00 
H01L21/027 
H01L21/316 



1.6 



TECHNICAL FIELDS 
SEARCHED (Int.CU) 



HOIL 



1,7-10 



11 



1,8 



The present search repoft has been dravvn up for all claims 



PiBOttofaaaidi 

THE HAGUE 



Dels ol oomplBlion c( thtt Moich 

7 October 1999 



Gori, P 



CATEGOTY OF CITED OOCUMEWTS 

X : perticularV relevant if talen etone 

Y : pertkularfy relevaM if combM wih another 

document of the same category 
A : t8Chnol09ccd twcfc^Dund 
O : non-written dBckstire 
P I intennBcSata doctimenl 



T : theory or principle underlying the invention 
E : earlier patent document tNJtpubSshed on, o 

after the Wng date 
O : d(x:itfnent dted in the appttcation 
L : document cited for other reasons 



& : member of the same patent tamly, corresponding 
document 



3 



EP0959496A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppttMtlon Number 

EP 98 40 1232 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Categoiy 


Otation of document with incfication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSmC AT10N OF THE 
APPUCATION (tntCU) 


X 


US 5 648 175 A (APPLIED MATERIALS INC) 
15 July 1997 (1997-07-15) 

A limn 1 1 1 no 1 — 1 i no 0(\ • /*1aiin 1 ^ 

* cuiuuifi 1, line I line ^u, ciaiiii i * 


11.15 




A 
ft 


Uo !> /Hi D£0 A VrKIIUKULA^ 

21 April 1998 (1998-04-21) 
♦ claim 17 * 


1,4,5 




A 


US 5 731 241 A (TAIWAN SEMICONDUCTOR 

MANUFACTURING CY) 

24 March 1998 (1998-03-24) 

♦ claim 11 * 


1,6-10 




A 


SHAREEF I A ET AL: "SUBATMOSPHERIC 
CHEMICAL VAPOR DEPOSITION OZONES/TEOS 
PROCESS FOR SI02 TRENCH FILLING" 
JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY: 
PART B 

vol. 13. no. 4. 1 July 1995 (1995-07-01), 
pages 1888-1892, XP000542869 


1,8 






* page 1892, left-hand column, paragraph 1 
- right-hand column, paragraph 3 * 




TECHWCAt FIELDS 
SEARCHED (tnt.CL6} 


Y 

A 


TP n f\t\f\ 7Qn A fTRM^ 
Lr U DDU n \lor\) 

28 June 1995 (1995-06-28) 

* column 8, line 6 - line 15 * 






X 


US 5 447 884 A (IBM) 

5 September 1995 (1995-09-05) 

* column 2, line 27 - line 36 * 

-/- 


12,13 




The pTBsem search report has been drawn up for all claims 







THE HAGUE 



7 October 1999 



Gori, P 



CATEGORY OF CrTEO DCXXJMEhTrS 

X : pBilicutariy retavant U takan akmB 

Y I pBittculsriy rolEfvant if cocnbinod snottier 

document olttie sams categny 
A : technotogffiol bockyround 
O ! ncv>-written dtsdofture 
P : vHennedtstB docuimnt 



T : theory or pnru:ipl8 underVirtg the iriverition 
E : eerfer patent doament. turf pubfehed on. or 

attar the 13tng date 
D : doannent dted in the apptication 
L : doctsnvit cted for other reasoftt 

& : mmb^l the sanw patert fanriy. corresportdm^ 



4 



EP0 959496 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 98 40 1232 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cttaiion of document with irxficaiion. where appropriate, 
of retevant passages 



Relevant 
todaim 



CLASSIFICATXM OF THE 
APPLICATION (bitCU) 



ANDO ET AL: "Shallow trench isolation 
filling by pressure-controlled twp-steps 
TEOS-03 CVD" 

PROC. INT, SYMP. ON THIN FILM MATERIALS, 
ROCESSES. RELIABILin. AND APPLICAITONS, 
31 August 1997 (1997-08-31) 
- 5 September 1997 (1997-09-05), pages 
231-242, XP0021 17839 
paris, f ranee 

* abstract * 

WO 99 10918 A (MICRON TECHNOLOGY) 
4 March 1999 (1999-03-04) 

* abstract * 

US 5 668 052 A (MITSUBISHI DENKI ) 
16 September 1997 (1997-09-16) 

* abstract * 

EP 0 697 723 A (IBM) 

21 February 1996 (1996-02-21) 

* abstract * 

EP 0 840 361 A (APPLIED MATERIALS) 
6 May 1998 (1998-05-06) 

* abstract * 



12-14 



16.18,26 



16 



16-27 



TECHNICAL FIELDS 
SEARCHED (lnLCU> 



16-27 



The present search report has been drawn up for alt claims 



THE HAGUE 



ObIb ol oornpletiM ol ttw aamich 

7 October 1999 



Gori, P 



CATEGORY OF CITEO DOCUMENTS 

X : particutarV relevant il taken alone 

Y : pailiaiBrV relevant a combirnd Mth ariother 

docwnont of ttie same cstegoiy 
A : technological bacfcTQund 
O : non-mitten dbdosufo 
P:o 



T : theoty w piinciple underViT^ ttie invention 
E : earfer patent docunent. but put>ished on. or 

altar ttw King date 
0 : document cited in the ^ipOcation 
L : document cted for odier reaeons 

A : member of the same patent fam^. correspondmg 
document 



5 



EP0959496A3 



9 




European Patent 
omce 



EP 98 40 1232 



AppOcKtlon Numbw 



CLAIMS INCURRING FEES 



The present European patent app&catkxi comprised at the time of fSing more than ten daims. 

I I Only part d the claims have bewt paid within the pfescra>ed time lana. The present European search 
< — ' report has been drawn up for it^ first ten claims and for those claims for which daims fees have 
been paid, namely claim(s): 



□ Ho claims fees have been paid within the prescri>ed time Emit The present European search report has 
been drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply wdh the 
requirements of unity of invention and relates to several Biventions or groups of inventions, namely: 



see sheet B 



All further search fees have been paid within the fixed lime fonil. The present European search report has 
been drawn up for at) claims. 



□ As aO searchable claims couM be searched without effort justifying an additional fee. the Search Division 
did not invite payment of any additional fee. 



Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have t>een paid, namely damns: 



□ None of the further search fees have been paid within the fbced time limiL The present European search 
report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned In the daims. namely claims: 




6 



EP0959496A3 




European Patent 

omca 



LACK OF UNfTY OF INVENTION 
SHEET B 



EP 98 49 1232 



Nmnter 



The Search Oiviaton considers that the present European patent appficatfon does not comply wilh the 
requiremeritsofunttyof inventnnamtr^alesto saveraJbwentxm namely. 

1. Claims: 1- IB 11 15 

claims 1- 16: method for fonning a dielectric layer having 
a substantial planar surface on a silicon substrate which 
includes a trench 

claims 11 and 15: substrate processing system 



2. Claim : 12-14 

Densifying trench fill material and formation of thermal 
oxide liner in trench 



3, Claims: 16- 27 

formation of etch mask for etching the trenches comprising a 
photoresist on an ARC 



7 



EP0 959496 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 98 40 1232 



Thisarmat lists the patent family rn©mborsreia4ingtolhepatert drcuments died h the atx>v^^ 
The members are as contained in the European Patent Office EDP file on 
The European Patent Office is in rw way liat>te lor these partk^^ 

07-10-1999 



Patent document 
cited in search report 


FHjbtication 
date 


Patent famay 
member<s) 


rTioncaiion 
date 


US 5665635 


A 


09-09-1997 


DE 
GB 
JP 

ID 
JP 


19649445 A 
2307788 A 
2738831 B 
9283612 A 


05-06-1997 
04-06-1997 
08-04-1998 
31-10-1997 


EP 819786 


A 


21-01-1998 


US 

JP 


5843226 A 
10092798 A 


01-12-1998 
10-04-1998 




A 
M 


28-07-1998 


NONE 








A 
M 




NONE 






EP 778358 


A 


11-06-1997 


JP 


9172008 A 

cot Jl OTT * 

5814377 A 


30-06-1997 
29-09-1998 


US 5648175 


A 


15-07-1997 


JP 


9312290 A 


02-12-1997 


US 5741626 


A 


21-04-1998 


NONE 






US 5731241 


A 


24-03-1998 


NONE 






EP 660390 


A 


28-06-1995 


BR 
CA 
JP 
JP 
US 


9405158 A 
2131668 A,C 
2804446 B 
7201979 A 
5516721 A 


01-08-1995 
24-06-1995 
24-09-1998 
04-08-1995 
14-05-1996 


US 5447884 


A 


05-09-1995 


DE 
DE 
EP 
JP 


69504252 D 
69504252 T 
0690493 A 
8046029 A 


01-10-1998 
22-04-1999 
03-01-1996 
16-02-1996 


WO 9910918 


A 


04-03-1999 


AU 


9109798 A 


16-03-1999 


US 5668052 


A 


16-09-1997 


JP 
US 


9134956 A 
5877081 A 


20-05-1997 
02-03-1999 


EP 697723 


A 


21-02-1996 


JP 
US 


8191047 A 
5882999 A 


23-07-1996 
16-03-1999 


EP 840361 


A 


06-05-1998 


JP 


10189441 A 


21-07-1998 





2 



111 For more details atxMJi this annex : see OffidalJoumal of the European Patent Office, No. 12/82 



8 



